4/21/2008 1:57 PM FROM: Fax H.C. Park .Associates, PLC TO: 1-571-273-0025 PAGE: 010 OF 021 



(19) 



J) 



Europ&isches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
25.02.2004 Bulletin 2004/09 

(21) Application number: 96120565.5 

(22) Date of filing: 20.12.1996 



(1D EP 0 784 305 B1 

EUROPEAN PATENT SPECIFICATION 

(51) into. 7 : G09G 3/32 



(54) Organic light emitting diode array drive apparatus 

Ansteuerung fur einen Array aus organischen Leuchtdioden 

Circuit de commande d'une matrice de diodes electroluminescentes organiques 



m 
o 

CO 

GO 
h- 

O 

Q. 
LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 11.01.1996 US 584827 

(43) Date of publication of application: 
16.07.1997 Bulletin 1997/29 

(73) Proprietor MOTOROLA, INC. 
Schaumburg, IL 60196 (US) 

(72) Inventors: 

* Norman, Michael P. 
1119 Chandler, Arizona 85224 (US) 



♦ Rhyne, George W. 
Scottsdale, Arizona 85251 (US) 

• Williamson, Warren L. 
Mesa, Arizona 85205 (US) 

(74) Representative: Gibson, Sarah Jane 
Motorola 

European Intellectual Property Operations 

Midpoint 

Alencon Link 

Basingstoke, Hampshire RG21 7PL (GB) 



(56) References cited: 
US-A- 3 696 393 



US-A- 5 424 560 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 76001 PARIS (FR) 



04/21/2008 MON 13:58 [TX/RX NO 7800] @010 



4/21/2008 1:57 PM FROM: Fax H. C. Park ^Associates, PLC TO: 1-571-273-0025 PAGE: Oil OF 021 



1 EP 0 784 305 B1 2 



Description 

Field of the Invention 

[0001] The present invention pertains to drive appa- s 
ratus for light emitting diode arrays and more specifically 
todriveapparatusfororganlc light emitting diode arrays. 

Background of the Invention 

[0002] Light emitting diode (LED) arrays are becom- 
ing more popular as an image source in both direct view 
and virtual image displays. One reason for this is the 
fact that LEDs are capable of generating relatively high 
amounts of light (high luminance), which means that dis- 
plays incorporating LED arrays can be used in a greater 
variety of ambient conditions. For example, reflective 
LCDs can only be used in high ambient light conditions 
because they derive their light from the ambient light, i. 
e. the ambient light is reflected by the LCDs. Some 
transflective LCDs are designed to operate in a trans- 
missive mode and incorporate a backlighting arrange- 
ment for use when ambient light is insufficient. In addi- 
tion, transflective displays have a certain visual aspect 
and some users prefer a bright emissive display. How- 
ever, these types of displays are generally too large for 
practical use in very small devices. 
[0003] Also, organic LED arrays are emerging as a 
potentially viable design choice for use in small prod- 
ucts, especially small portable electronic devices, such 
as pagers, cellular and portable telephones, two-way ra- 
dios, data banks, etc. Organic LED arrays are capable 
of generating sufficient light for use in displays under a 
variety of ambient light conditions (from little or no am- 
bient light to bright ambient light). Further, organic LEDs 
can be fabricated relatively cheaply and In a variety of 
sizes from very small (less than a tenth millimeter in di- 
ameter) to relatively large (greater than an inch) so that 
organic LED arrays can be fabricated in a variety of siz- 
es. Also, LEDs have the added advantage that their 
emissive operation provides a very wide viewing angle. 
[0004] Generally, organic LEDs include a first electri- 
cally conductive layer (or first contact), an electron 
transporting and emission layer, a hole transporting lay- 
er and a second electrically conductive layer (or second 
contact). The light can be transmitted either way but 
must exit through one of the conductive layers. There 
are many ways to modify one of the conductive layers 
for the emission of light therethrough but it has been 
found generally that the most efficient LED includes one 
conductive layer which is transparent to the light being 
emitted. Also, one of the most widely used conductive, 
transparent materials is indium-tin-oxide (ITO), which is 
generally deposited in a layer on a transparent substrate 
such as a glass plate. 

[0005] The major problem with organic LEDs utilizing 
a conductive, transparent layer is the high resistivity of 
the material. ITO, for example, has a resistivity of ap- 



proximately 50 ohms/square (75 to several hundred 
ohms/square). Further exacerbating this problem is the 
fact that organic LEDs are current driven devices (i.e. 
emit due to current flowing through them), as opposed 
to voltage driven devices, such as LCDs. Thus, the high 
resistivity contact of the organic LED becomes virtually 
prohibitive when attempting to place organic LEDs in 
targe arrays. 

[0006] An additional problem prevalent in organic 
LEDs is a reduction in efficiency with usage. The theory 
which has developed is that particles within the organic 
layers tend to migrate with current during use of the 
LED. This migration reduces the efficiency of the organ- 
ic LED so that either less light is emitted or more current 
must be supplied to produce a constant amount of light 
and ultimately results in failure of the organic LEDs. To 
achieve the higher current, the application of a larger 
voltage is required across the device, which means that 
more power is consumed. Some attempts have been 
made to solve this problem, the major one being to apply 
a reverse bias to the diode during none-use periods. 
This solution creates its own problems because it re- 
quires anotherpowersource to provide the reverse bias. 
The additional power source adds substantially to the 
size, weight, and cost of the display, 
[0007] Document US-A-3,696,393 discloses a drive 
apparatus and method for a matrix of light emitting di- 
odes. 

[0006] Accordingly, it would be beneficial to provide 
an organic LED array and driving apparatus which over- 
comes these problems. 

[0009] It is a purpose of the present invention to pro- 
vide a new and improved organic LED array and driving 
apparatus. 

[0010] It is another purpose of the present invention 
to provide a new and Improved organic LED array and 
driving apparatus in which column charges are rapidly 
removed to obtain a high quality image. 
[0011] It is another purpose of the present invention 
to provide a new and improved organic LED array and 
driving apparatus which is relatively inexpensive to 
manufacture and operate. 

[0012] It is still another purpose of the present inven- 
tion to provide a new and improved organic LED array 
and driving apparatus which produces relatively con- 
stant light. 

[0013] It is a further purpose of the present invention 
to provide a new and improved organic LED array and 
driving apparatus with a relatively long life. 
[0014] It is a still further purpose of the present inven- 
tion to provide a new and improved organic LED array 
and driving apparatus which does not require additional 
power sources and which produces a brightness in ex- 
cess of 600 fL, or in excess of 200 fL after tittering. 

Summary of the Invention 

[0015] The above problems and others are at least 
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partially solved and the above purposes and others are 
realized in a drive apparatus for an array of LEDs includ- 
ing a first plurality of switches each connectable be- 
tween one of a constant current source and a rest po- 
tential, a second plurality of switches each connectable 
to a power source, an array of LEDs connected into rows 
and columns, each LED having a first contact connected 
to one of the first plurality of switches and a second con- 
tact connected to one of the second plurality of switches, 
and control apparatus connected to the first and second 
pluralities of switches for connecting selected switches 
of the first plurality of switches to the constant current 
source while retaining all remaining switches of the first 
plurality of switches connected to the rest potentSal ( and 
connecting selected switches of the second plurality of 
switches to the power source. 

[0016] The above problems and others are at least 
partially solved and the above purposes and others are 
further realized in a method of driving an array of LEDs 
including the steps of providing an array of LEDs with 
each LED having first and second contacts, with the first 
contacts connected into a plurality of columns and the 
second contacts connected into a plurality of rows, con- 
necting selected columns of first LED contacts to indi- 
vidual current sources and a first row of second LED 
contacts to a power source so as to drive current Into 
the selected columns of first LED contacts and out the 
first row of second LED contacts, and driving unselected 
columns of first LED contacts to a rest potential below 
a level where individual LEDs of the plurality of LEDs 
wilt turn ON and remaining rows of the plurality of rows 
to a row rest potential which may, or may not be the 
same as the column rest potential, and periodically con- 
necting each row of the remaining plurality of rows of 
LEDs to an active pulldown, such as the power source, 
one at a time, while connecting selected columns of 
LEDs to individual current sources during each period 
to produce a desired image on the array, and simulta- 
neously retaining unselected columns of first LED con- 
tacts at the column rest potential and the remaining rows 
of the plurality of rows connected to the row rest poten- 
tial. The OFF state potentials for the rows and columns 
are then design parameters for optimal treatment of the 
organic material during the OFF state, as well as con- 
trolling the charge state of rows and columns. 
[0017] By connecting the first contact of the LEDs to 
a current source and the second contact to a power 
source, current is driven into the LED by way of the first 
contact. Placing the rest potential on unselected col- 
umns of light emitting diodes andconnecting unselected 
rows of light emitting diodes to a row rest potential caus- 
es current to be driven out of LEDs in the OFF mode 
and also drives migrant carriers back toward their orig- 
inal position so as to increase the efficiency and life of 
the LEDs. 



Brief Description of the Drawings 
[0016] Referring to the drawings: 

5 FIG. 1 is a simplified block diagram of a light emit- 
ting diode array with drive apparatus connected 
thereto In accordance with the present invention; 
FIG. 2 is a simplified cross-sectional view of a typ- 
ical organic light emitting diode; and 

10 FIG. 3 is a schematic representation of portions of 
the structure illustrated in FIG. 1. 

Description of the Preferred Embodiments 

15 [0019] Referring specifically to FIG. 1, a simplified 
block diagram of a light emitting diode array 10 is illus- 
trated with drive apparatus 12 connected thereto in ac- 
cordance with the present invention. In this specific em- 
bodiment array 1 0 includes a plurality of organic light 

20 emitting diodes (LEDs) connected into thirty two rows 
and sixty four columns. Thirty two row terminals 13 are 
illustrated at the right side of array 10 in FIG. 1 and sixty 
four column terminals 14 are illustrated at the top. Gen- 
erally, when fabricating large arrays of LEDs it is com- 

25 mon practice to bring every-other terminal to the oppo- 
site side of the array so that the pitch (distance between 
adjacent terminals) is increased, or to lower the resist- 
ance by a factor of two. However, the terminals are all 
illustrated on the same side in this instance to simplify 

30 the drawings. It will of course be understood that any 
number of rows and columns of LEDs can be provided 
and that the present example is only utilized for illustra- 
tive purposes. 

[0020] A typical organic LED 15 is illustrated in a sim- 

35 plified cross-sectional view in FIG. 2. Generally, either 
the anode (positive electrical contacts) or the cathode 
(negative electrical contacts) of an LED must be optical- 
ly transparent to allow the emission of light there- 
through. In this embodiment LED 15 includes a sub- 

to strate 17 which is formed of a transparent material, such 
as glass, quartz, or a hard plastic or the like. Even some 
semiconductor materials are transparent to light and 
may be utilized as substrate 1 7, in which instance some 
of the electronics may be integrated directly onto the 

*s substrate. A positive conductive layer 18 is patterned 
onto the upper surface of substrate 1 7 in any of the many 
well known procedures, e.g. using photoresist or the 
like. Conductive layer 1 8 is patterned into a plurality of 
parallel spaced apart columns terminating in terminals 

so 14 (FIG. 1). In this specific example, conductive layer 
18 is provided as a layer of ITO. 
[0021] A hole transport layer 1 9 is positioned on the 
upper surface of layer 1 8. Generally, for convenience in 
manufacturing array 10, layer 1 9 is deposited as a blan- 

S5 ket deposition over the upper surface of layer 18 and 
any exposed portions of substrate 1 7, since only the por- 
tion of layer 1 9 which overlies layer 1 8 will be activated. 
An electron transport and light emission layer 20 is po- 
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sitioned over the upper surface of layer 19. It should be 
understood that organic diodes are presently being fab- 
ricated with one to several organic layers and organic 
LED 15 is only illustrated for purposes of this explana- 
tion. Also, to reduce the potential required in embodi- 
ments not incorporating an electron transport layer, a 
cathode Is generally formed of a layer 22 of low work 
function metal/conductors or combination of metals/ 
conductors, at least one of which typically has a low 
work function. In this embodiment the cathode (layer 22) 
is formed of low workfunction material, such as the com- 
monly used lithium or magnesium, or the cathode may 
be a conductive metal incorporating cesium, calcium or 
the like. 

[0022] A list of some possible examples of materials 
for the organic layer or layers (e.g. 19 and 20) of the 
above described organic LEDs follows. As a single layer 
of organic, some examples are: poly(p-phehylenevi- 
nylene) (PPV); poly (p-phenylene) (PPP); and poly 
[2-methoxy s 5 -(2'-ethy Ihexoxy) 1 ,4-phenylenevinylene) 
(MEH-PPV). As an electron transporting electrolumi- 
nescent layer between a hole transporting layer or one 
of the single layer organ ics listed above and a low work 
function metal cathode, an example is: 8-hydroxquino- 
line aluminum (ALQ). As an electron transporting mate- 
rial: an example Is: 2-(4-tert-butylphenyl)-5-(p-blpheny- 
lyl)-1,3,4-oxadiazole (butyl-PBD). As a hole transport 
material, some examples are: 4,4'-bis[N-phe- 
nyl-N-(3-methylphenyl)aminolbiphenyl (TPD); and 
1,1-bis(4-di-p-tolyaminophenyl)cyclohexane. As an ex- 
ample of a fluorescent that may be used as a single layer 
or as a dopant to an organic charge transporting layer 
is coumarin 540, and a wide variety of fluorescent dyes. 
Examples of low work function metals include: Mg:ln, 
Ca, and Mg:Ag. 

[0023] While array 1 0 (FIG. 1) is described as having 
a single organic LED for each pixel of an image, it should 
be understood that additional LEDs can be connected 
in parallel for additional brightness or redundancy. Also, 
an example of the incorporation of multiple LEDs in a 
single pixel to produce multiple colors, or full color, is 
disclosed in Patent No. 5,424,560, entitled "Integrated 
Multicolor Organic LED Array", issued June 13, 1995 
and assigned to the same assignee. 
[0024] Each LED in array 1 0 includes one or more lay- 
ers of polymers or low molecular weight organic com- 
pounds, generally as described above. Hereinafter, for 
simplification of this disclosure, the term organic/poly- 
mer will be shortened to "organic" but it should be un- 
derstood that this term is intend to encompass all poly- 
mers or low molecular weight organic compounds. The 
organic materials that form layers 1 9 and 20 are chosen 
f o r th eir combination of electrical , lu min escent and color 
properties, and various combinations of hole injecting, 
hole transporting, electron injecting, electron transport- 
ing, and luminescent or emitting materials can be used. 
[0025] In general, in organic electroluminescent or 
LED devices it should be understood that organic layers 



1 9 and 20 do not conduct electrons well and the electron 
resistivities (e.g., approximately 1 Oe' 7 ) are much higher 
than the hole resistivities (e.g., approximately lOe* 3 ) in 
the same material. Also, electron transport layer 20 con- 

5 ducts electrons relatively well but does not conduct 
holes well and can thus be thought of as a hole blocking 
layer. Further, It should be understood that generally 
light, or photons, are generated when electrons and 
holes combine. Thus, because holes are transported 

10 readily through organic layers 19 and 20 and because 
electrons are transported readily through electron trans- 
port layer 20, substantially all recombination of holes 
and electrons occurs at or near the junction of layers 19 
and 20 ; but usually in layer 20. As the materials of layers 

*s 19 and 20 age (electrical current passes therethrough), 
there is a tendency for various particles and defects to 
migrate within the material, causing the light emission 
to spread into less efficient material. It has been found 
that this phenomenon can be overcome or reversed by 

20 periodically reversing the potential across the LED. The 
manner of accomplishing this feature in the present in- 
vention will be described presently. 
[0026] Referring again to FIG. 1 , drive apparatus 12 
includes a circuit for periodically cycling through the 32 

25 rows of array 1 0. In the simplified block diagram of FIG. 
1 this circuit Is Illustrated as a 32 bit shift register (and 
row driver) 25. Shift register 25 is connected to a con- 
troller 26, which supplies clock pulses and any other 
driving information which may be required. A 64 bit col- 

30 umn driver 27 is connected to column terminals 14 and 
supplies image data thereto. Generally, column driver 
27 includes an individual driver for each column terminal 
14 and a buffer or the like for storing a complete row of 
image information. Column driver 27 is connected to 

35 controller 26 for receiving each new row of image infor- 
mation therefrom. 

[0027] Controller 26 includes a serial interface 28 
which supplies image data to column driver 27 and 
which optionally receives video or image data from an 

40 external data input 30. Serial interface 28 is also con- 
nected to a RAM/ROM memory 32 and to a central 
processing unit (CPU) 33, or the like. CPU 33 controls 
both column drivers 27 and shift register 25 and utilizes 
memory 32 to generate images on array 1 0. It will of 

^5 course be understood by those skilled in the art that a 
wide variety of circuits can be utilized to control array 10 
and controller 26, along with shift register 25 and column 
drivers 27, are simply one embodiment utilized for pur- 
poses of explanation herein. 

so [0028] Referring now to FIG. 3, a schematic represen- 
tation of portions of the structure of FIG. 1 are illustrated. 
Array 10 is illustrated in more detail, with a diode (e.g. 
diode 1 5) connected between each crossing of each col- 
umn conductor (terminals 14) and each row conductor 

55 (terminals 1 3). Conductive layer 1 8 is patterned on sub- 
strate 1.7 to form the column conductors and terminals 
14. Layer 22 is patterned to form the row conductors 
and terminals 13. As explained above, because conduc- 
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tive layer 1 8 must be transparent to the light generated 
by the diodes, it generally has a relatively high resist- 
ance. Further, since the rows are cycled ON one row at 
a time, the maximum number of diodes that will be con- 
ducting in a column at a time is one. Thus, each of the 
column conductors will carry a maximum current equal 
to the current conducted by one LED 15 (e.g. approxi- 
mately 1 - 2 mA). 

[0029] Assuming, for example, that ITO is used to 
form the column conductors, the resistivity ranges from 
about 7.5 ohms/square to 400 ohms/square. While the 
resistivity can be lowered by increasing the thickness of 
the column conductors, there are problems with uni- 
formity of ITO which can lead to device defects as the 
conductor is thickened. Thus, a typical column conduc- 
tor formed of ITO may be approximately 50 ohms/ 
square. The resistance along a column conductor be- 
tween adjacent rows would then be about 80 ohms. 
Over 30 rows, at 80 ohms/row, this results in a total of 
over 2.4 kohms of resistance between the first and the 
last LED in the column. Since one LED draws a current 
of approximately 1 - 2 mA, this gives a 2 - 5 volt differ- 
ence for driving the same current into the last LED ver- 
sus the first LED in the column. If the LEDs are voltage 
driven this variation in voltage over the length of a col- 
umn means that additional compensation circuitry Is re- 
quired if the brightness of the LEDs is to be uniform 
across the entire array 1 0. If the LEDs are current driven 
this variation in voltage is not a problem. 
[0030] Any number from zero to all of the diodes con- 
nected into each row may be conducting simultaneously 
(depending upon the image) so that each of the row con- 
ductors (layer 22), may be required to carry the current 
of all of the diodes (e.g. 64 X approximately 1 - 2 mA). 
Thus, the row conductors are formed of a metal having 
as low a resistance as practical. However, due to the 
long, thin rows in array 10, the resistance for a row con- 
ductor may still be as much as 5 ohms. If, for example, 
enough LEDs are conducting in a row to draw 100 mA 
of current, this 5 ohms of resistance produces a voltage 
drop of 0.5 volts from one end of the row conductor to 
the other. Thus, it is clear that the resistance of each 
row must be dropped as low as practical by adding thick- 
ness to the row conductors and/or adding conductors, 
such as gold : etc. if these materials are practical. Where 
possible for the application, a good reason to not add 
an additional conductor is that additional process steps 
must be incorporated into the manufacturing process, 
which adds additional expense. 
[0031] Each column terminal 14 has a switch 35 at- 
tached thereto which is depicted schematically as a sin- 
gle-throw double-pole switch, for convenience. It will of 
course be understood that a wide variety of different 
switches can be used and generally, because of the 
speed and size required, each switch 35 will be any of 
the various semiconductor switches which are well 
known in the art. Each of the switches 35 has a first ter- 
minal, or input 36, connected to a current source 37 and 
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a second terminal or input 38 connected to a column 
rest potential, designated V R so that each switch 35 is 
connectable between one of current source 37 and col- 
umn rest potential V R . Each switch 35 is controlled by 
s CPU 33 and/or data from serial interface 28. depending 
upon the type of image being generated and the ad- 
dressing scheme. 

[0032] Each row terminal 13 has a switch 40 attached 
thereto which is depicted schematically as a single- 
10 throw double-pole switch, for convenience. As ex- 
plained above, it should be understood that a wide va- 
riety of different switches can be used and generally, be- 
cause of the speed and size required, each switch 40 
will be any of the various semiconductor switches which 
is are well known in the art. Each switch 40 has a first ter- 
minal, or input 42, connected to a power source 45 and 
a second terminal or input 43 connected to a row rest 
potential V R which may or may not be the same as the 
column rest potential, and may be an open terminal (or 
unconnected), so that each switch 40 is connectable be- 
tween one of power source 45 and an open circuit or 
row rest potential. In this specific example, each switch 
40 is a stage of shift register 25 which is controlled by 
CPU 33. However, many other types of switches capa- 
ble of switching a power source into and out-of the circuit 
might be used as switches 40. as will be understood by 
those skilled in the art. 

[0033] Power source 45 may be any source capable 
of supplying the required amount of power as, for exam- 
ple, a battery, solar cells, various combinations of the 
two, etc. Also, current sources 37 may be any of the 
many current sources well known to those skilled in the 
art. Because the column conductors are the positive ter- 
minals (layer 18) of LEDs 15 in array 10 and the row 
conductors are the negative terminals (layer 22), a neg- 
ative terminal 46 of power source 45 Is connected to first 
terminal 42 of each switch 40 and a positive terminal 47 
of power source 45 is connected to each current source 
37 to complete a circuit through array 10. Also, in this 
specific embodiment, column rest potential V c is taken 
from power source 45 although, as will be explained 
presently, column restpotential V c (combined with a row 
rest potential) can be any potential below a level where 
individual LEDs of array 1 0 will turn ON. By utilizing pow- 
er source 45 as V C: or some lesser potential tapped off 
of negative terminal 48, additional power sources are 
not required and the final product is considerably small- 
er, lighter, and less expensive. 

[0034] Here it should be understood that the schemat- 
ic representation of FIG. 3 actually represents a family 
of drivers for use with an organic LED array. For exam- 
ple, while the embodiment illustrated drives current into 
the columns utilizing a current source for each column, 
current can be driven into the columns by controlling ei- 
ther the voltage on or the current into the columns, with 
the latter being preferred. Also, while an open at the row 
switches maybe utilized as a row rest potential, virtually 
any convenient row rest potential can be used. Gener- 
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ally, the row rest potential should be higher than the col- 
umn rest potential so that each of the diodes spends 
sometime in a reverse biased condition. Also, the circuit 
generating the column rest potential should be a rela- 
tively low impedance and capable of carrying current 
so the column charges stored in the column circuits of 
the array can be quickly dissipated or discharged. 
[0035] The operation of light emitting diode array 10 
and drive apparatus 1 2, as illustrated in FIG. 3, will now 
be described for purposes of an example. As explained 
previously, shift register 25 cycles through each of the 
thirty two rows, one at a time, by moving switch 40 of a 
selected row into contact with power source 45 (first in- 
put 42) while maintaining switch 40 of each of the re- 
maining thirty one rows in contact with second input 43 
and the row rest potential. As each specific row is se- 
lected, column driver 27 determines which of the sixty 
four LEDs in that row are to be turned ON and connects 
switch 35 of each corresponding column to the current 
source 37 associated therewith. In FIG. 3, for example, 
only LED 15 at the junction of row #2 and column #2 is 
connected to current source 37 and power source 45. 
In each of the thirty two rows, from zero to sixty four 
LEDs will be turned ON to generate a desired image on 
array 1 0. Column terminals 1 4 connected to LEDs which 
are not turned ON remain connected to column rest po- 
tential V c . 

[0036] Thus, current is driven into the positive termi- 
nal of each selected LED 1 5 in each row by the associ- 
ated current source 37. Further, because each LED 15 
is driven by its associated current source 37, each of the 
thirty two LEDs in a column are driven by the same 
amount of current regardless of their position along.the 
column and the specific voltage required by the LED at 
the intersection of that row and column, which can vary 
considerably. One of the problems with array 10 Is the 
high resistance of the column conductors which, along 
with various capacitances inherent in the system, pro : 
duces a relatively high RC time constant that results in 
a significant amount of charge being built up and stored 
during normal operation. This charge build-up can result 
in shadows being generated as an image changes, due 
to a charge remaining on previously actuated LEDs. 
[0037] The present invention overcomes this problem 
by connecting unselected LEDs in a selected row, and 
unselected LEDs in unselected rows, to column rest po- 
tential Vc and the row rest potential V R . The combination 
of column rest potential V c and the row rest potential V R 
reverse biases the LEDs in unselected rows and col- 
umns, at the desired level according to the specific im- 
plementation, and any charge build-up within the unse- 
lected LEDs is mitigated, or is driven out of the LEDs. 
Unselected rows are connected to the row rest potential 
V R by associated switches 40, so that unselected rows 
are driven to the desired level. Since at least some of 
switches 35 are usually connected to column rest po- 
tential V c , the potential of the floating unselected rows 
moves toward column rest potential V c . In a specific ex- 



ample, V c is -33 volts and the unselected rows (rows 
#1 , # 3 - #32 in FIG. 3) are driven or drift to a potential 
approximately 8 volts below that of the ON LED. This 
produces a reverse bias on the unselected row and col- 
5 umn conductors relative to the potential at terminal 46 
of power source 45. 

[0038] The net result of connecting unselected col- 
umn terminals 1 4 to column rest potential V c and unse- 
lected row terminals 13 to a row rest potential V Ri is to 
produce a reverse bias on LEDs that are turned OFF, 
which reverse bias drives charge build-up out of the 
LEDs and produces a potential thereacross that refresh- 
es, or causes migration of particles back toward the orig- 
inal position. Thus, all of the LEDs in array 10 are re- 
freshed at irregular intervals (depending upon the imag- 
es being produced) and degradation of the LEDs nor- 
mally due to migration of particles is stopped, reversed, 
and/or slowed down. Because of this feature, the life of 
the LEDs in array 10 is substantially increased, depend- 
ing upon the specific materials, the efficiency remains 
relatively constant and luminance remains relatively 
constant. Also, the reverse bias and the feature of driv- 
ing charge build-up out of the LEDs is achieved with no 
additional power sources or other expensive and space 
consuming components. 

[0039] Accordingly, a new and Improved organic LED 
array and driving apparatus is disclosed which is rela- 
tively inexpensive to manufacture and operate. Further, 
the new and improved organic LED array and driving 
apparatus produces relatively constant light and has a 
relatively long life. The life of the array is increased by 
the novel reverse bias applied to individual devices dur- 
ing normal operation. Also, the new and improved or- 
ganic LED array and driving apparatus does not require 
additional power sources and produces a brightness in 
excess of 600 fL. Because of this brightness, the organic 
LED array and driving apparatus can be in displays for 
virtually any application, including low and high ambient 
light conditions. Further, the size, versatility and cost of 
manufacturing the organic LED array and driving appa- 
ratus makes it very competitive with other displays, such 
as LCDs and the like 

[0040] While we have shown and described specific 
embodiments of the present invention, further modifica- 
tions and improvements will occur to those skilled in the 
art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in the appended claims to cover all.modifica- 
tions that do not depart from the scope of this invention. 



Claims 

1 . Display apparatus (1 2) comprising : 

55 

a first plurality of switches (35) each connecta- 
ble between one of a current source (37) and a 
rest potential (38); 
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a second plurality of switches (40) each con- 
nectable to a power source (45); 
an array (10) including a plurality of light emit- 
ting diodes connected into rows (13) of tight 
emitting diodes and columns (14) of light emit- 
ting diodes, each light emitting diode having a 
first contact (14) connected to one of the first 
plurality of switches (35) and a second contact 
(13) connected to one of the second plurality of 
switches (40); and 

control apparatus (26) connected to the first 
and second pluralities of switches (35, 40) for 
connecting selected switches of the first plural- 
ity of switches (35) to the current source (37) 
while retaining all remaining switches of the first 
plurality . of switches (35) connected to the rest 
potential (38), and connecting selected switch- 
es of the second plurality of switches (40) to the 
power source (45), 

2. Display apparatus as claimed in claim 1 wherein the 
control apparatus includes circuitry (25) for period- 
ically connecting each switch of the second plurality 
of switches (40), one at a time, to the power source 
(45) while retaining all remaining switches of the 
second plurality of switches (40) connected to a row 
rest potential (43). 

3. Display apparatus as claimed in claim 1 wherein the 
plurality (1 0) of light emitting diodes include organic 
light emitting diodes. 

4. Display apparatus as claimed in claim 3 wherein the 
plurality of organic light emitting diodes are posi- 
tioned on a transparent substrate (17) with a trans- 
parent conductive material (18) formed into a plu- 
rality of columns on the surface of the substrate 
(17). 

5. Display apparatus diodes as claimed in claim 4 
wherein the transparent conductive material (1 8) in- 
cludes indium-tin-oxide. 

8. Display apparatus as claimed in claim 4 wherein the 
transparent conductive material (18) formed into a 
plurality of columns on the surface of the substrate 
(17) forms the first contact (14) for each of the or- 
ganic light emitting diodes (15). 

7. Display apparatus as claimed in claim 1 wherein the 
first plurality of switches (35) each include a first in- 
put (36) having an individual current source (37) 
coupled thereto. 

8. Display apparatus as claimed in claim 7 wherein the 
first plurality of switches (35) each include a second 
input (38) having a rest potential (Vc) coupled there- 
to, which rest potential (Vc) is below a level where 



individual light emitting diodes (15) of the plurality 
(10) of light emitting diodes (15) will turn ON. 

9. Display apparatus as claimed in claim 7 wherein the 
power source (45) connectable to the second plu- 
rality of switches (40) includes a battery having a 
positive terminal (47) coupled to the Individual cur- 
rent sources (37) and a negative terminal (48) con- 
nectable to the second plurality of switches (40). 

10. A method of driving an array of light emitting diodes 
comprising the steps of: 

providing an array (10) of light emitting diodes 
with each light emitting diode having first (14) 
and second (1 3) contacts, with the first contacts 
(14) connected into a plurality of columns (14) 
and the second contacts (13) connected into a 
plurality of rows (13); 

connecting selected columns (14) of first light 
emitting diode contacts to individual current 
sources (37) and a first row (1 3) of second light 
emitting diode contacts to a power source (45) 
so as to drive current into the selected columns 
(1 4) of first light emitting diode contacts and out 
the first row (13) of second light emitting diode 
contacts, and connecting unselected columns 
(1 4) of first light emitting diode contacts to a col- 
umn rest potential (38) below a level where in- 
dividual light emitting diodes of the plurality of 
light emitting diodes will turn ON and remaining 
rows of the plurality of rows (13) to a row rest 
potential(43): and 

periodically connecting each row (1 3) of the re- 
maining plurality of rows of light emitting diodes 
to the power source (45), one at a tlme : while 
connecting selected columns (14) of light emit- 
ting diodes to individual current sources (37) 
during each period to produce a desired image 
on the array (10), and simultaneously retaining 
unselected columns (14) of first light emitting 
diode contacts at the column rest potential (38) 
and the remaining rows (13) of the plurality of 
rows (13) connected to the row rest potential 
(43). 



Patentansp ruche 

so 1 . Anzeigevorrichtung (1 2), aufweisend: 

eine erste Mehrzahl von Schaltem (35), welche 
jeweils zwischen entweder einer Stromquelle 
(37) oder einem Ruhepotential (38) 
55 anschlie&bar sind, 

eine zweite Mehrzahl von Schaltem (40), wel- 
che jeweils an eine Spannungsquelle (45) an- 
schlieBbar sind, 
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ein Array (10), welches eine Mehrzahl von 
Leuchtdioden aufweist, welche in Reihen (13) 
von Leuchtdioden und Spalten (1 4) von Leucht- 
dioden angeschlossen sind, wobei jede 
Leuchtdiode einen ersten Kontakt (1 4) , weicher 5 
an einen der ersten Mehrzahl von Schaltern 
(35) angeschlossen 1st. und einen zwetten Kon- 
takt (1 3) aufweist, weicher an einen derzweiten 
Mehrzahl von Schaltern (40) angeschlossen 
ist, und 10 
eine Steuervorrichtung (26), welche an die er- 
ste Mehrzahl von Schaltern (35) und an die 
zweite Mehrzahl von Schaltern (40) ange- 
schlossen ist, um ausgewahlte Schalter der er- 
sten Mehrzahl von Schaltern (35) an die Strom- is 
quelle (37) anzuschlieBen, wahrend alle ver- 
bleibenden Schalter der ersten Mehrzahl von 
Schaltern (35) an das Ruhepotential (38) ange- 
schlossen bleiben, und um ausgewahlte Schal- 
ter der zweiten Mehrzahl von Schaltern (40) an 20 
die Spannungsquelle (45) anzuschlieBen. 



2. Anzeigevorrichtung nach Anspruch 1, wobei die 
Steuervorrichtung Schaltungseinrichtungen (25) 
aufweist, fur das periodische AnschlieBen jedes 25 
Schalters derzweiten Mehrzahl von Schaltern (40). 
jeweils einen, an die Spannungsquelle (45), wah- 
rend alle verbleibenden Schalter derzweiten Mehr- 

r zahl von Schaltern (40) an ein Reihen ruhepotential 
(43) angeschlossen bleiben. 30 

3. Anzeigevorrichtung nach Anspruch 1, wobei die 
Mehrzahl (10) von Leuchtdioden organische 
Leuchtdioden umfasst. 

35 

4. Anzeigevorrichtung nach Anspruch 3, wobei die 
Mehrzahl von organischen Leuchtdioden auf einem 
transparenten Substrat (17) mit einem transparen- 
ten leitfahigen Material (18) positioniert ist. das als 
eine Mehrzahl von Spalten auf der Oberflache des 40 
Substrates (17) gebildet ist. 

5. Anzeigevorrichtung nach Anspruch 4, wobei das 
transparente leitfahige Material (18) Indium-Zinn- 
Oxid umfasst. *s 

6. Anzeigevorrichtung nach Anspruch 4, wobei das 
transparente leitfahige Material (18), welches als ei- 
ne Mehrzahl von Spalten auf der Oberflache des 
Substrates (1 7) gebildet ist, den ersten Kontakt (14) so 
fur jede der organischen Leuchtdioden (15) bildet. 

7. Anzeigevorrichtung nach Anspruch 1, wobei von 
der ersten Mehrzahl von Schaltern (35) jeder Schal- 
ter einen ersten Eingangsanschluss (36) mit einer ss 
daran gekoppelten individuellen Stromquelle (37) 
aufweist 



14 

8. Anzeigevorrichtung nach Anspruch 7. wobei von 
derersten Mehrzahl von Schaltern (35) jeder Schal- 
ter einen zweiten Eingangsanschluss (38) mit ei- 
nem daran gekoppelten Ruhepotential (V c ) auf- 
weist wobei das Ruhepotential unterhaib eines Pe- 
gels liegt, bei dem individuelle Leuchtdioden (15) 
der Mehrzahl (10) von Leuchtdioden (15) EIN ge- 
schaltet werden. 

9. . Anzeigevorrichtung nach Anspruch 7, wobei die 
Energiequelle (45), welche an die zweite Mehrzahl 
von Schaltern (40) anschlieBbar ist, eine Batterie 
mit einem positiven Anschluss (47), welche mit den 
individuellen Stromquellen (37) gekoppett ist, und 
einem negativen Anschluss (48) umfasst, weicher 
an die zweite Mehrzahl der Schalter (40) 
anschlieBbar ist. 

10. Verfahren zum Ansteuem eines Arrays von Leucht- 
dioden, wobei das Verfahren die Schritte aufweist: 

Vorsehen eines Arrays (1 0) von Leuchtdioden, 
wobei jede Leuchtdiode einen ersten Kontakt 
(14) und einen zweiten Kontakt (13) aufweist, 
wobei die ersten Kontakte (14) als. eine Mehr- 
zahl von Spalten (14) angeschlossen werden 
und die zweiten Kontakte (13) als eine Mehr- 
zahl von Reihen (13) angeschlossen werden, 
AnschlieGen ausgewahlter Spalten (14) von er- 
sten Leuchtdiodenkontakten an individuelle 
Stromquellen (37) und einer ersten Reihe (13) 
von zweiten Leuchtdiodenkontakten an eine 
Spannungsquelle (45), um Strom in die ausge- 
wahlten Spalten (14) der ersten Leuchtdioden- 
kontakte einzuleiten und aus der ersten Reihe 
(13) der zweiten Leuchtdiodenkontakte abzu- 
leiten, und AnschlieBen nicht ausgewahlter 
Spalten (14) von ersten Leuchtdiodenkontak- 
ten an ein Spalten ruhepotential (38) : welches 
unterhaib eines Pegels liegt, bei dem individu- 
elle Leuchtdioden der Mehrzahl von Leucht- 
dioden EIN geschaltet werden, und Belassen 
verbleibender Reihen der Mehrzahl von Reihen 
(13) an ein Reihenruhepotential (43); und 
periodisches AnschlieBen jeder Reihe (13) der 
verbleibenden Mehrzahl von Reihen von 
Leuchtdioden an die Spannungsquelle (45), je- 
weils eine, wahrend ausgewahlte Spalten (14) 
von Leuchtdioden an individuelle Stromquellen 

(37) wahrend jeder Periode angeschlossen 
werden, um ein gewiinschtes Bild auf dem Ar- 
ray (10) zu erzeugen, und gleichzeitig nicht 
ausgewahlte Spalten (14) der ersten Leucht- 
diodenkontakte an dem Spalten ruhepotential 

(38) belassen werden und die verbleibenden 
Reihen (13) der Mehrzahl von Reihen (13) an 
das Reihenruhepotential (43) angeschlossen 
sind. 
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Revendlcatlons 

1 . Appareil d'aff ichage (1 2) comprenant : 

une premiere plurality de commutateurs (35) s 
dont chacun peut dtre connecte & un element 
pris parml une source de courant (37) et un po- 
tentiel de repos (38) ; 

une seconde plurality de commutateurs (40) 
dont chacun peut etre connecte a Line source 10 
de puissance (45) ; 

un reseau (1 0) qui inclut une pluralite de diodes 
emettrices de I u mi ere qui sont connectees se- 
ion des rangees (1 3) de diodes emettrices de 
lumiere et selon des colonnes (14) de diodes 15 
emettrices de lumiere, chaque diode emettrice 
de lumiere comportant un premier contact (14) 
qui est connecte k Tun de la premiere pluralite 
de commutateurs (35) et un second contact 
(1 3) qui est connecte k I'un de la seconde plu- 20 
ralite de commutateurs (40) ; et 
un appareil de commande (26) qui est connecte 
aux premiere et seconde pluralites de commu- 
tateurs (35 ; 40) pour connecter des commuta- 
teurs selectionnes de la premiere pluralite de 25 
commutateurs (35) k la source de courant (37) 
tout en maintenant tous les commutateurs res- 
tants de la premiere pluralite de commutateurs 
(35) connectes au potentiel de repos (38), et 
pour connecter des commutateurs selection- 30 
nes de la seconde pluralite de commutateurs 
(40) a la source de puissance (45). 

2. Appareil d'affichage selon la revendication 1 , dans 
lequel I'appareil de commande inclut un circuit (25) 35 
pour connecter perlodlquement chaque commuta- 
teur de la seconde pluralite de commutateurs (40) 

a raison d'un a la fois a la source de puissance (45) 
tout en maintenant tous les commutateurs' restants 
de la seconde pluralite de commutateurs (40) con- 40 
nectes k un potentiel de repos de rangee (43). 

3. Appareil d'affichage selon la revendication 1 , dans 
lequel les diodes emettrices de lumiere de la plura- 
lite (10) de diodes emettrices de lumiere incluent 45 
des diodes emettrices de lumiere organ iques. 

4. Appareil d'affichage selon la revendication 3, dans 
lequel les diodes emettrices de lumiere organiques 

de la pluralite de diodes emettrices de lumiere or- 50 
ganiques sont positionnees sur un substrat trans- 
parent (17) avec un materiau conducteur transpa- 
rent (18) qui est forme selon une pluralite de colon- 
nes sur la surface du substrat (17). 

55 

5. Appareil d'affichage selon la revendication 4, dans 
lequel le materiau conducteur transparent (1 8) in- 
clut de I'oxyde d'indium et d'etain ou ITO. 



6. Appareil d'affichage selon la revendication 4 : dans 
lequel le materiau conducteur transparent (18) qui 
est forme selon une pluralite de colonnes sur la sur- 
face du substrat (17) forme le premier contact (14) 
pour chacune des diodes emettrices de lumiere or- 
ganiques (15). 

7. Appareil d'affichage selon la revendication 1, dans 
lequel les commutateurs de la premiere pluralite de 
commutateurs (35) incluent chacun une premiere 
entree (36) qui comporte une source de courant in- 
dividuelle (37) qui tui estcouplee. 

8. Appareil d'affichage selon la revendication 7 ; dans 
lequel les commutateurs de la premiere pluralite de 
commutateurs (35) incluent chacun une seconde 
entree (38) qui comporte un potentiel de repos (Vc) 
qui lui est couple, lequel potentiel de repos (Vc) est 
au-dessous d'un niveau ou des diodes emettrices 
de lumiere individuelles (15) de la pluralite (10) de 
diodes emettrices de lumiere (15) deviendront acti- 
vees. 

9. Appareil d'affichage selon la revendication 7 : dans 
lequel la source de puissance (45) qui peut etre 
connectee k la seconde pluralite de commutateurs 
(40) inclut un accumulateur comportant une borne 
positive (47) couplee aux sources de courant indi- 
viduelles (37) et une borne negative (48) qui peut 
etre connectee k la seconde pluralite de commuta- 
teurs (40). 

1 0. Precede de pilotage d'un reseau de diodes emettri- 
ces de lumiere comprenant les e tapes de ; 

constitution d'un reseau (1 0) de diodes emet- 
trices de lumiere, chaque diode emettrice de lu- 
miere comportant des premier (14) et second 

(13) contacts, les premiers contacts (14) etant 
connectes selon une pluralite de colonnes (14) 
et les seconds contacts (13) etant connectes 
selon une pluralite de rangees (13) ; 
connexion de colonnes selectionnees (14) de 
premiers contacts de diodes emettrices de lu- 
miere k des sources de courant individuelles 
(37) et d'une premiere rangee (13) de seconds 
contacts de diodes emettrices de lumiere k une 
source de puissance (45) de maniere a piloter 
un courant dans les colonnes selectionnees 

(1 4) de premiers contacts de diodes emettrices 
de lumiere et hors de la premiere rangee (13) 
de seconds contacts de diodes emettrices de 
lumiere, et connexion de colonnes non selec- 
tionnees (14) de premiers contacts de diodes 
emettrices de lumiere k un potentiel de repos 
decolonne (38) au dessous d'un niveau ou des 
diodes emettrices de lumiere individuelles de 
la pluralite de diodes emettrices de lumiere de- 
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viendront activees et de rangees restantes do 
la plurality de rangees (13) a un potentiel de 
repos de rangde (43) ; et 
connexion de facon periodique de chaque ran- 
gee (13) de la pluralite de rangees restantes de 5 
diodes emettrices de lumiere a la source de 
puissance (45) a ralson d'une a la fols tout en 
connectant des colonnes selectionn6es (1 4) de 
diodes Emettrices de lumiere a des sources de 
co u rant individuelles (37) pour chaque periode 10 
afin de produire une image souhaitee sur le re- 
seau (10) et maintien de facon simultanee de 
colonnes non selectionnees (14) de premiers 
contacts de diodes emettrices de lumiere au 
potentiel de repos de colonne (38) et des ran- *5 
gees restantes (13) de la pluralite de rangees 
(13) connectees au potentiel de repos de ran- 
gee (43). 
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